Summary.-Whole-blood caeruloplasmin measured by electron spin resonance was studied in 41 patients with chronic lymphocytic leukaemia. The levels were above normal at all stages of the disease, rose with increasing clinical involvement, and were higher in progressive than inactive disease. Whole -blood iron transferrin levels were more variable, and were significantly raised only in patients with marrow failure.
SERUM COPPER LEVELS have been shown to correlate with disease activity in Hodgkin's disease, non-Hodgkin's lymphoma and acute leukaemia (Tessmer et al., 1972; Hrgovcic et al., 1968; 1973a,b) . The enzyme caeruloplasmin contains 9500 of the total blood copper, and may be associated with iron metabolism and storage (Frieden, 1973) . Previous studies by our group have demonstrated a rise in blood caeruloplasmin and a fall in blood iron transferrin levels in Hodgkin's disease. Serial measurement of these parameters was found to assist early prediction of reactivation of disease and in monitoring response to treatment (Foster et al., 1977a) . Other workers have noted a fall in serum iron levels in Hodgkin's disease, but have disagreed about their clinical value (Jaffe & Bishop, 1970; Beamish et al., 1972; Ray et al., 1973) .
In the non-Hodgkin's lymphomas, abnormal iron, copper and caeruloplasmin levels have been found, but their clinical usefulness has yet to be proved (Foster et al., 1977b) . Hypercupraemia has also been found in conditions other than the lymphoreticular disorders, e.g. in pregnancy (Lahey et al., 1953) , infection Correspondence and requests for reprints: Dr Aberdeen, Foresterhill, Aberdeen. (Markovitz et al., 1955) and in other malignancies (Fisher & Shifrine, 1978; Andrews, 1979) . The significance of raised copper levels in malignancy has been debated (Pocklington & Foster, 1977) .
In chronic lymphocytic leukaemia (CLL) a disease which can be regarded as a form of non-Hodgkin's lymphoma of B-cell origin, prediction of subsequent biological behaviour is a major clinical problem. The aim of this study was to compare whole-blood caeruloplasnmin and iron transferrin levels with the classical guides to activity of this disease: whitecell count, platelet count, lymphadenopathy, hepatomegaly and splenomegaly. As these parameters do not always adequately assess disease activity, an arbitrary clinical assessment of the direction and rate of change of these clinical and laboratory findings was also used for comparison.
PATIENTS AND METHODS
Forty-one outpatients with unequivocal CLL (peripheral-blood lymphocytosis of more than 10 x 10 9/1 in the absence of infection and, in doubtful cases, lymphocytosis in marrow aspirate) were studied. Twenty were Table I shows the rise in whole-blood caeruloplasmin with increasing lymphocyte mass. At all stages of the disease, the caeruloplasmin level was significantly greater than normal (P> 0.0025), and in the "spleen palpable", "spleen plus nodes palpable", and "spleen liver and nodes palpable" groups the caeruloplasmin was also significantly higher (P < 0 005) than in the subclinical group (Rai Stage 0). Blood transferrin levels showed the same trend but the range of values was much greater, and the levels were significantly (P < 0.005) above normal only in the marrow-failure group (platelets < 100 x 109/1). The last column shows the expected rise in white-cell count with clinical enlargement of the lymph nodes, spleen and liver. The mean packed-cell volume fell progressively from 38.6% in the subclinical group to 34.8% in the advanceddisease group. Plasma caeruloplasmin and iron transferrin were measured concurrently, mean plasma caeruloplasmin showed a similar but less marked rise with disease progression and mean plasma iron transferrin was significantly raised only in the marrow-failure group. There was no significant correlation between packedcell volume and the whole-blood or plasma levels of either protein. When the data were analysed by the arbitrary clinical assessment of activity (Table II) a rise in caeruloplasmin with activity was seen, whereas iron transferrin was raised only in the group with intermediate activity. There was no correlation between either metalloprotein and the total white-cell count, platelet count, haemoglobin or packed-cell volume. There was no sex difference in CLL patients, although a slight difference has been shown between normal males and females (Pocklington & Foster, 1977) .
DISCUSSION
The variation found in the iron transferrin levels was too great for this assessment to be of clinical value. Blood transfusion may account for some of this variation, and may explain the low values in the marrow-failure group. No explanation can be given for the raised levels in the intermediate-activity group (Table II) . The fall in iron transferrin noted in active Hodgkin's disease was not seen in CLL, whereas in the more closely related nonHodgkin's lymphoma cases there was no significant abnormality in their iron transferrin levels (Foster et al., 1977b) .
The data show that whole blood caeruloplasmin levels in CLL reflect the extent of the disease, as judged by the accepted prognostic criteria: white-cell count, platelet count, and organomegaly.
Even in the absence of all clinical evidence of disease, the whole-blood caeruloplasmin was raised. When the more dynamic but less reproducible criteria of disease activity was used, the whole-blood caeruloplasmin increased with progressive disease. It may be that the rate of cell turnover rather than absolute lymphocyte mass determines the likelihood of progression in CLL. In acute leukaemia, serum copper has been shown to reflect accurately marrow cell turnover (Tessmer et al., 1972) and to rise pari passu the blast-cell count. The precise reason for this rise has not been proved, but increased glycoprotein metabolism in cell-membrane synthesis and degradation may be responsible (Fisher & Shifrine, 1978) .
